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ABSTRACT
Background: Total knee arthroplasty (TKA) continues
to be the most common elective procedure performed
every year, with the goal to reduce pain and improve
return to functional activities. Recent studies have
investigated new surgical techniques and therapeutic
interventions to determine which protocols result in
reduced pain and accelerate return to function.
Methods: We systematically reviewed 131 out of
301 studies between 1996 and 2019 to assess trends
in patient functional performance and perceptive
functional recovery after TKA from preoperative up to 2
years postoperative. We evaluated functional outcome
measures recommended by the Osteoarthritis Research
Society International. Results that considerably deviated
from the established healthy values were reanalyzed to
assess the effectiveness of postoperative therapeutic
interventions.
Results: The general trend of patient functional
recovery after TKA occurs from immediate to 6 months
postoperatively, and some outcome measures highlight
improvement after 1-year postoperatively. Some
studies with successful outcomes contain intensive
strengthening protocols for the quadriceps femoris and
hip abductor muscle groups during physical therapy.
Conclusion: The results from this study provide
insightful information for clinicians to use. These
valid functional assessments establish effective and
evidence-based interventions in physical rehabilitation
after TKA.
Keywords: Total Knee Arthroplasty, Systematic Review,
Functional Outcome Measures

INTRODUCTION
Total knee arthroplasty (TKA) is one of the most
common elective orthopaedic surgical procedures in the
United States. It is typically performed to alleviate pain
secondary to osteoarthritis (OA).1 In the United States,

the number of TKA procedures is projected to reach
1.68 million by 2030, and the demand is expected to
increase by 855.0% between 2012 and 2050.1,2 Although
arthritic pain reduction is the primary goal for patients
electing TKA, reducing arthritic pain cannot always
ensure a full return to the functional performance of a
healthy person of the same age.3
Patients often elect for a TKA procedure expecting
decreased arthritic pain and increased range of
motion for everyday functional activities. Surgical
techniques for TKA have evolved to preserve the
normal arthrokinematics of the knee and reduce the
tissue damage associated with the standard surgical
approach. These surgical protocols have been shown to
effectively reduce postoperative pain, accelerate healing
time, promote earlier discharge from acute care units,
and provide earlier return to functional activity.4,5 To
reinforce the surgical outcomes, physical therapy (PT)
is often the primary intervention to treat patients who
have undergone TKA, with physical therapists focusing
on managing postoperative pain, restoring knee
range of motion, and promoting functional recovery.1,3
However, the current standard of care for postoperative
physical rehabilitation has not been established.3 In
June 2020, the American Physical Therapy Association
(APTA) provided the first clinical guideline for TKA
rehabilitation.6 Although this guideline recognizes the
considerable effects of PT on functional recovery, there
is a lack of evidence describing the clinical validity of
functional outcome measures.
The APTA clinical guideline states that PT is a
clinically significant intervention to improve recovery.
Such interventions include motor function training and
intensive quadriceps strengthening using neuromuscular
electrical stimulation. Available evidence has proven
that increased quadriceps strength of the operated limb
can improve physical function in patients after TKA at
the level of age-matched cohorts with native knees.7
There lacks a consensus regarding the key aspects of
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Figure 1. Literature screening showing that 301 articles were initially
populated through the keyword search. The exclusion criteria are
shown, displaying the number of articles included within each functional
outcome and the total number of articles used for further review and
data collection.
therapy and whether these outcomes can be evaluated
using valid functional outcome measures.
The purpose of this systematic review was to examine
the general trend of functional recovery for TKA. As
an exploratory analysis, we conducted additional
reviews for studies with successful functional outcomes
by examining whether PT had been used and which
therapeutic interventions were used. We hypothesized
that 1) the general trend of functional recovery can be
established by the recommended functional outcome
measures, and 2) the best outcomes are strongly
associated with intensive PT focused on quadriceps
strengthening exercises. This study will help clinicians
select proper measurements for evaluating functional
recovery after TKA, and it will help establish an effective
plan of care for patients who have undergone TKA.

METHODS
A systematic review was conducted by searching the
MEDLINE database for publications between 1996
and 2019. We evaluated the physical component
score (PCS) from the Short Form-36 (SF-36), which
evaluates patient perception of functional recovery in
PT. We also evaluated performance-based functional
outcome measures recommended by the Osteoarthritis
Research Society International (OARSI), including the
stair climbing test (SCT), 40-m fast gait speed (40-m
GS) test, 30-second chair rise test (30SCRT), and the
6-minute walk test (6MWT).8 The search terms used
were total knee AND stairs AND seconds OR total knee
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AND stairs AND time, fast gait speed OR fast AND
gait AND total knee, total knee AND 30 AND second
AND chair AND seconds, and six minute OR 6 minute
OR six minutes AND walk AND total knee as well as
((((((((((Short Form 36[Text Word]) OR The Short
Form 36[Text Word])) OR SF-36[Text Word])) AND
((((physical[Text Word]) AND score[Text Word])) OR
pcs[Text) AND))) AND total knee[Text Word]]. The
search strategy used Boolean Operators “and” or “or” to
search key terms. A total of 301 articles were populated
through our keyword search. The articles were manually
and separately screened by at least two individuals and
reviewed for exclusion and inclusion criteria. Exclusion
criteria included lack of data, systematic review articles,
pediatric studies, if the patient underwent bilateral TKA
or uni-compartmental TKA, and if the patient presented
with other pathology like rheumatoid arthritis. Of the
301 articles populated from our initial database to
search key terms, 170 articles were excluded and 131
articles were included for further analysis (Figure 1).
To maintain data quality representing the common
functional recovery of patients who have undergone
TKA, we recorded medical and therapeutic information
such as surgical procedures, PT duration, and exercises.
We presented the data plots with heterogeneous
distribution due to the data being limited for each
outcome measure. A retrospective analysis was applied
to articles with results considered to be at the level of
established healthy values (ie, SF-36 PCS = 50, fast gait
speed = 1.74 m/s) or with excellent functional recovery

Table 1. Non-parametric Descriptive Statistics for Functional Outcome Measuresa
Preoperative

2 Weeks

1 Month

3 Months

6 Months

1 Year

2 Years

SF-36 PCS

Median [25th,
75th percentile]

32
[31,33]

42
[37, 42]

38
[32, 44]

45
[44, 48]

46
[37, 46]

49
[47, 52]

47
[40, 48]

SCT
(Time: seconds/step#)

Median [25th,
75th percentile]

0.84
[0.74,0.88]

1.28
[1.07,1.48]

1.16
[0.87,1.35]

0.67
[0.48,0.78]

0.60
[0.59,0.66]

0.47
[0.42,0.52]

0.48
[0.45,0.50]

30sCRT
(# of sit-to-stand)

Median [25th,
75th percentile]

10.95
[9.80,12.20]

4.35
[3.83,4.88]

10.93
[5.73,12.49]

6.20
[5.10,9.13]

13.80
[9.40,14.40]

No Data

No Data

40m Gait Speed
(meters/second)

Median [25th,
75th percentile]

1.23
[1.04,1.34]

0.71
[0.71,0.72]

0.85
[0.84,0.85]

1.13
[1.13,1.23]

1.13
[n/a]

1.67
[n/a]

No Data

6MWT (meters)

Median [25th,
75th percentile]

376
[281,455]

282
[261,350]

361
[322,394]

424
[383,490]

477
[394,520]

474
[385,547]

542
[337,576]

SF-36 PCS, Short-Form 36 Physical Composite Score; SCT: Stair Climb Test; 30sCRT, 30 Second Chair Rise Test; 6MWT, 6 Minute Walk Test
a
The table indicates the median values and the 25th and 75th percentiles in the bracket for each testing time. Data are shown for each functional
outcome assessed.

Figure 2. Longitudinal analysis of the mean SF-36 physical component score at each of the follow-up
intervals in the various studies. The boxplot indicates the heterogeneous distribution of data at each
testing time. The x-axis indicates the testing time, from baseline to 2 years. Each boxplot is color-coded,
with the appropriate testing time on the x-axis. The y-axis indicates the gait speed, measured in meters
per second. The higher bar indicates the maximum values, while the lower bar indicates the minimum
values. The top of the box indicates the 75th percentile, and the bottom of the box indicates the 25th
percentile. The line within the box indicates the median value. The circles aligned over the boxplot indicate
the data points from individual studies. Abbreviations: SF-36, Short Form-36; PCS, physical component
score; Pre-Op, preoperative; WK, week; MO, month

(>75th percentile of cohort). To investigate quality of
care, we analyzed 11 studies about PT interventions and
postoperative rehabilitation protocols. Non-parametric
descriptive statistics, median, and percentile were
used to describe the general tendency of primary
outcomes after TKA. Data from all articles were plotted
by time: preoperative, 2 weeks postoperative, 1-month
postoperative, 3 months postoperative, 6 months
postoperative, 1-year postoperative, and 2 years
postoperative.

RESULTS
In total, we analyzed 131 articles from the database
and included 12,954 patients with a mean age of 66.5
years old.
Patients’ perception of functional recovery using
the plotting testing times, as measured by SF-36
PCS, showed a steady increase of the mean PCS over
time with significant improvement of PCS at final
follow-up when compared to the preoperative scores.
The highest mean of the PCS was noted at 1-year
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Figure 3. Data points of the stair climbing test from preoperative to 2 years postoperative. The
boxplot indicates the heterogeneous distribution of data at each testing time. The x-axis indicates
the testing time, from baseline to 2 years. Each boxplot is color-coded, with the appropriate testing
time on the x-axis. The y-axis indicates time to complete the stair climbing test, and the time is
represented in seconds/step number. The higher bar indicates the maximum values, while the lower
bar indicates the minimum values. The top of the box indicates the 75th percentile, and the bottom
of the box indicates the 25th percentile. The line within the box indicates the median value. The
circles aligned over the box plot indicate the data points from individual studies. Abbreviations:
Pre-Op, preoperative; WK, week; MO, month

Figure 4. Data points of the 30 second chair rise test (30sCRT) from preoperative to 6 months
postoperative. The boxplot indicates the heterogeneous distribution of data at each testing time.
The x-axis indicates the testing time, from baseline to 2 years. Each boxplot is color-coded, with the
appropriate testing time on the x-axis. The y-axis indicates the number of sit-to-stands completed
within 30 seconds. The higher bar indicates the maximum values, while the lower bar indicates
the minimum values. The top of the box indicates the 75th percentile, and the bottom of the
box indicates the 25th percentile. The line within the box indicates the median value. The circles
aligned over the boxplot indicate the data points from individual studies. Abbreviations: Pre-Op,
preoperative; WK, week; MO, month
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Figure 5. Data points of 40-m gait speed from preoperative to 1-year postoperative. The boxplot
indicates the heterogeneous distribution of data at each testing time. The x-axis indicates the testing
time, from baseline to 2 years. Each boxplot is color-coded, with the appropriate testing time on the
x-axis. The y-axis indicates the gait speed, measured in meters per second. The higher bar indicates
the maximum values, while the lower bar indicates the minimum values. The top of the box indicates
the 75th percentile, and the bottom of the box indicates the 25th percentile. The line within the
box indicates the median value. The circles aligned over the boxplot indicate the data points from
individual studies. Abbreviations: Pre-Op, preoperative; WK, week; MO, month

postoperatively (Table 1 and Figure 2). The scores were
taken preoperatively and up to 2 years postoperatively
for some studies. The mean PCS postoperatively was
32, and the mean PCS at 2 years postoperatively was
46 (Figure 2). The highest recorded mean PCS was
observed 1-year postoperatively with a mean score of
49, which is equivalent to established healthy values.
Four performance-based functional outcome
measures recommended by OARSI showed a similar
recovery pattern in physical function. There was an
overall gradual decrease in performance time for
SCT; however, time increases occurred at 2 weeks
postoperatively and 1-month postoperatively (Table 1
and Figure 3). For SCT, we assessed “time in seconds/
the number of steps ascended and descended” because
each facility has a different numbers of steps. The
preoperative SCT time was 0.84, which increased to
1.28 and 1.16 at 2 weeks postoperatively and 1-month
postoperatively, respectively. The recovery of SCT
time appeared to plateau at 6 months postoperatively.
Following the increase at 2 weeks, there was a continual
decrease in performance time up to 2 years. Results for
30sCRT were shown for up to 6 months postoperatively
with no data for the 1- and 2-year marks (Table 1 and
Figure 4).
30sCRT was 10.95 preoperatively and decreased
to 4.35 at 2 weeks postoperatively. The difference
exceeded the minimally clinically important difference
(MCID) of a 2.60 sit to stand score.8 The results then
increased up to 6 months postoperatively (1 month,

10.93; 3 months, 6.20; and 6 months, 13.80), which
remains lower than the established healthy values
(ie, 15.5).9 The results of 40-m GS were assessed from
preoperative to 1 year. However, we had limited-tono data for most of the plotted testing times. There
was an overall increase in gait speed from 2 weeks
postoperatively to 1-year postoperatively, with a drop-in
speed at 2 weeks (Table 1 and Figure 5). No difference
in gait speed was shown until 1-year postoperatively,
with 1.23 preoperatively and 1.67 at 1 year. This recovery
trend is similar to the established healthy gait speed (ie,
1.74 m/s) when considering the MCID of 0.3 to 5 m/s.10
Results from the 6MWT showed an overall increase
in the distance ambulated in 6 minutes observed
from 2 weeks to 2 years postoperatively, with a large
decrease in the distance at 2 weeks (Table 1 and Figure
6). Preoperatively, the walking distance was 376 m,
which decreased to 282 m at 2 weeks. Walking distance
gradually increased to 542 m at 2 years, which is similar
to the established healthy values (ie, 555 m).11-17

DISCUSSION
PT is essential to rehabilitating patients after TKA.
It is often implemented as a standard of care since
the bundled payment system was established.3 Many
clinical studies support the effectiveness of using PT
to improve physical function. However, more research
is needed to measure the effectiveness of PT using
valid functional outcome measures. This systematic
review aimed to investigate the general tendency of
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Figure 6. Data points of the 6-minutes walk test (6MWT) from preoperative to 2 years postoperative.
The boxplot indicates the heterogeneous distribution of data at each testing time. The x-axis
indicates the testing time, from baseline to 2 years. Each boxplot is color-coded, with the appropriate
testing time on the x-axis. The y-axis indicates the distance in meters which was ambulated in 6
minutes. The higher bar indicates the maximum values, while the lower bar indicates the minimum
values. The top of the box indicates the 75th percentile, and the bottom of the box indicates the 25th
percentile. The line within the box indicates the median value. The circles aligned over the boxplot
indicate the data points from individual studies. Abbreviations: Pre-Op, preoperative; WK, week;
MO, month

functional recovery using functional outcome measures
recommended by OARSI.
Our findings showed that the functional outcome
measures SF-36 PCS, SCT, 30sCRT, 40-m GS, and
6MWT, demonstrated a gradual improvement in the
functional recovery of patients after TKA during a
2-year period with an expected decrease at 2 weeks
postoperatively and 1-month postoperatively. These
observations are similar to the results previously
reported.7,13 At 2 years postoperatively, some functional
outcome scores reached the level of the established
healthy values, including SF-36 PCS, 40-m GS, and
6MWT. The results of 30sCRT were observed to be
lower than established healthy values. This finding
shows that 30sCRT is associated with quadriceps
strength, which is consistently weak in patients 3 years
after TKA.
In their retrospective review, Marcus et al17 reported
that articles with a PCS score of 50 or greater focused
on increasing specific activity after TKA. Exercise
protocols that challenged the quadriceps and hip
musculature with eccentric contractions through
resistance training and activities like tai-chi improved
knee strength, flexibility, and range of motion.17,18 The
excellent functional outcomes in the more challenging
tests (eg, 30sCRT) were associated with progressive
strengthening of the quadriceps, hip abductors, and
hamstrings. By incorporating specificity into physical
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rehabilitation protocols, PT will better improve the
strength and functional performance of patients after
TKA.11-14,22,23 Other studies emphasize the significant
contributions of intensive hip abductor and hamstring
strengthening for functional improvement.12,13,24
Significant quadriceps strengthening contributes
to successful rehabilitation for patients who have
undergone TKA.13,14,17,24, Progressive strength training of
the quadriceps, hip abductors, and hamstrings can be
easily incorporated into the plan of care and performed
in the clinic and at home with home exercise programs
to increase exercise frequency.
Aquatic therapy is often discussed as a form of
therapy after TKA due to short-term effects such as
functional recovery and reduced pain. However, the
long-term effectiveness after 6 months after TKA is
controversial because of the increased risk of falling due
to weight bearing.25 It has been suggested that altering
interventions to shift the focus of treatment from the
intensity of muscle strengthening to activity alone
can address this risk.26 Increasing physical activity is
clinically recommended, yet the evidence of outcomes
is insufficient. Low impact activities like aquatic therapy
and tai-chi may particularly help patients who enjoyed
these activities preoperatively.
Limitations of this study include the limited number
of reviewed articles per functional outcomes by
using only MEDLINE as our search database. Another

limitation is that functional outcome measures are often
selected by clinician preference or limited by equipment
availability (ie, stairs), which interferes with establishing
a standardized outcome measure for this population.27
This variability in selecting outcome measures limits
the homogeneity of data and supports the need
to establish current trends for increasing outcome
measure registries, such as the Global Orthopaedic
Registry and the American Joint Replacement Registry
by the American Academy of Orthopaedic Surgeons.28
Additionally, there was no intensive investigation
considering potential factors that may influence
outcomes after TKA, such as surgical techniques,
prosthetic implant type, patient demographics (eg, age,
body mass index, or gender), or clinical characteristics
(eg, patient activity level and psychological status).29,31
Despite the limitations, significant findings of this
study include the following: 1) OARSI-recommended
functional measurements can capture the general
trend of functional recovery after TKA and up to 2
years postoperatively, and 2) the successful outcomes
in the database promote intensive strengthening
protocols during PT. This information can help clinicians
determine the most appropriate interventions for
improving patients’ return to function after TKA using
the recommended outcome measures. With increased
strength and power of the quadriceps, hip abductors, hip
flexors, and hamstrings, patients demonstrate improved
functional performance as seen through 30sCRT, SCT,
40-m GS, and 6MWT.11-13,22,23,30 Despite strong evidence
showing the association between quadriceps weakness
of the operated limb and functional recovery, many
physical therapists are reluctant to measure this
impairment because of unavailable equipment such as
the isokinetic dynamometer. However, recent evidence
has established the excellent reliability of measuring
quadriceps strength with a hand-held dynamometer.
Muscle strength measurements should be reasonable
and feasible measurements for all clinics. Perhaps
the 30sCRT will become an acceptable substitution
test to quantify quadriceps weakness that is easily
assessed in a physician’s office. This systematic review
can help clinicians select proper outcome measures
when evaluating muscle strength in clinical outcome
assessments.

establish effective interventions after TKA. OARSIrecommended measures are currently used as a general
practice and not part of an established and consistent
standard of care; therefore, further research with a more
extensive database is needed.

CONCLUSION

10.

This systematic review showed that significant
functional recovery for patients occurs from 1
month to 6 months after undergoing TKA, and some
measurements show the potential improvement after
1-year postoperatively. Our retrospective systematic
review indicates that the studies with successful
outcomes contain intensive strengthening protocols,
including hip abductor strengthening and eccentric
contraction strengthening for the quadriceps muscle
of the operated limb. The evidence from this study can
help clinicians use valid functional assessments and
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